We describe the expression pattern of CEPU-1, a cell adhesion molecule of the immunoglobulin superfamily, in the early chick embryo brain. An initially broad domain of expression, encompassing forebrain, midbrain and anterior hindbrain, is subsequently narrowed down to a ring-shaped domain at the midbrain-hindbrain boundary, co-localizing precisely with the expression of Wnt1 at the isthmus. In addition, CEPU-1 is expressed in the dorsal aspect of rhombomere 4 and its emigrating neural crest cells. Later in development, we also ®nd CEPU-1 expression in other parts of the developing nervous system such as sensory ganglia and in the ventral aspect of forebrain, midbrain and hindbrain. q
Introduction and results
Subdivision of the anteroposterior axis of the neural tube is an important mechanism underlying regional speci®ca-tion (Lumsden and Krumlauf, 1996) . Separation of neural subunits is thought to be achieved by different adhesive properties of adjacent subdivisions and/or the presence of specialized boundary cells (Lumsden, 1999) .
To identify genes involved in segmentation of the rostral neural tube, we performed a differential screen in chick between the embryonic midbrain and hindbrain. One of the genes we identi®ed, CEPU-1 (Spaltmann and Brummendorf, 1996; Kimura et al., 1999) , is a cell adhesion molecule (CAM) of the so-called IgLON family belonging to the immunoglobulin (Ig) superfamily of CAMs. In this report we describe the expression of CEPU-1 in the early chick brain.
CEPU-1 expression was ®rst detected at HH (Hamburger and Hamilton, 1951) stage 8 in the forebrain, midbrain and rostral hindbrain (Fig. 1A) . Here, CEPU-1 is expressed down the entire dorsoventral axis but is weaker in¯oor plate and roof plate (Fig. lB) . In addition, CEPU-1 is expressed in presumptive rhombomere 4 (r4), with stronger expression dorsally. At HH9, the level of CEPU-1 expression in the caudal forebrain, midbrain and rostral hindbrain increases (Fig. 1C) , together with the onset of weak expression in the ventral rostral forebrain. At HH10, expression has disappeared from the forebrain (Fig. lD) . At both HH9 and 10 expression is excluded from the¯oor plate. It is expressed weakly in the roof plate but appears slightly stronger in the cells immediately adjacent to it (Fig. 1E ). Expression in dorsal r4 and its emigrating neural crest ( Fig.  1F ) persists until~HH12. From HH11 onwards, CEPU-1 expression is restricted to a narrow transverse ring of cells in the midbrain-hindbrain boundary (MHB) region just anterior to the isthmic constriction between mesencephalic and rhombencephalic vesicles (Fig. lG,H ). This ring of CEPU±1 expression remains up to E4, the latest stage analyzed (not shown; see Fig. 1I and Fig. 2C for E3 ). From~E3 onwards, CEPU-1 expression is also detected in sensory ganglia, branchial arches and in the ventral hindbrain, midbrain and forebrain (Fig. 2C) . At E3, CEPU-1 is expressed weakly in longitudinal stripes adjacent to the¯oor plate as well as in the dorsal-most hindbrain (Fig. 1I ). More anteriorly, expression is found in the trochlear and the oculomotor nuclei (Fig.  1I) . Antibody staining at E2 and E3 demonstrated CEPU-1 protein in a pattern colocalizing with the distribution of transcripts (not shown).
The MHB is positioned at, and by, the interface between the expression domains of two transcription factors, Otx2 and Gbx2 (Simeone, 2000) . Initially this interface lies just anterior to the isthmic constriction. After a progressive anterior shift of this constriction, the`molecular' MHB and the isthmus coincide from~HH17 onwards (Millet et al., 1996) . To analyze the expression of CEPU-1 in relation to the molecular MHB, double in situ hybridizations were performed using MHB markers, namely Otx2, Gbx2, Fgf8 and Wnt1 (Hidalgo-Sanchez et al., 1999) . From HH11 on, CEPU-1 expression overlies Otx2 expression at the posterior end of its domain (Fig. 2A±D) and, after the anterior shift of the isthmic constriction, eventually comes to lie in the isthmic constriction together with the caudal border of Otx2 domain (Fig. 2C) . At the same stages, the CEPU-1 domain lies immediately anterior to the ring of Fgf8 expression (Fig.  2E,F) and partially overlies the anterior border of the Gbx2 domain (Fig. 2G) . Once narrowed down to a ring, CEPU-1 expression therefore overlies the interface of Otx2 and Gbx2 expression domains and represents a novel marker for the molecular MHB. Moreover, the spatiotemporal expression of CEPU-1 in the midbrain (at HH9±10) and in the MHB (from HH11 on) precisely mirrors that of the signalling molecule Wnt1 (Fig. 2H,I ), with the exception of the middorsal longitudinal stripe of Wnt1 (Bally-Cuif and Wassef, 1994) .
In summary, our analysis shows that after initially broad expression in the brain, CEPU-1 expression narrows down precisely to overlie the molecular MHB. This pattern mirrors the spatio-temporal expression of other genes known to be involved in the development of the isthmic region, such as Wnt1.
Materials and methods

Cloning of chick CEPU-1
Comparing gene expression between HH11 chick midbrain and hindbrain using differential display (Welsh et al., 1992), we identi®ed a 189 bp gene fragment highly homologous to a gene initially identi®ed in rat called neurotrimin (Struyk et al., 1995) and 100% homologous to the later identi®ed chick homologue, CEPU-1 (Spaltmann and Brummendorf, 1996) . For the analysis of gene expression the full length fragment of CEPU-1 was cloned by reverse transcription PCR using primers derived from the chick sequence.
Whole-mount in situ hybridization
Whole-mount ISH was performed according to described protocols (Wilkinson, 1992) . After the colour reactions, embryos were washed in PBS and ®xed in PFA. For vibratome sectioning, embryos were embedded in 20% gelatin, ®xed in PFA and sectioned at 50 mm.
